The transition to college enhances feelings of loneliness, and lonely students typically underperform academically due to the depletion of cognitive resources. Mindfulness practice has been demonstrated to improve certain cognitive abilities. The current study examined whether mindfulness practice may moderate the relations between perceived loneliness and academic performance. In this study we combined data from two separate studies. In the first, loneliness, optimism, and academic self-efficacy were measured at the beginning of the academic year. In the second, mindfulness workshops were conducted in order to examine their impact on memory performance. In all, 73 college students in their first semester participated in the conjoint study (N = 50 mindfulness practice and N = 23 control). Their grades at the end of the semester and at the end of the year were also collected. Regression analyses were conducted in order to examine whether mindfulness moderated the effect of loneliness on academic achievements, and revealed that: a) loneliness was negatively correlated with recognition memory performance and with grades; b) grades were higher in the mindfulness group than in the control group; c) mindfulness and loneliness interacted, such that loneliness negatively predicted academic grades only for students who did not practice mindfulness. The results suggested that mindfulness practice may reduce the outcomes of loneliness on academic achievements in the first year of college.
Loneliness is one's subjective feeling of social isolation, regardless of one's actual social status [1] . Loneliness may affect people of different ages and social statuses, and may derive from different sources. Specifically, a feeling of loneliness may be induced by the absence or loss of a life partner or best friend (i.e. emotional loneliness), an inability to belong to a desired social group (i.e. social loneliness), experiences of alienation and isolation (i.e. existential loneliness), and by the perceived notion that one cannot be understood by others (i.e. representational loneliness [1] . The transition to college normatively involves major network changes, and it enhances the experience of loneliness [2] .
Loneliness has harmful effects on physical, emotional, and cognitive wellbeing [3, 4] . In particular, feeling lonely has been demonstrated to be associated with increased blood pressure [5] , with increased risk for cardiovascular diseases [6] , with a decreased self-efficacy, and with an increase in depressive symptoms [7] . Most important to our study, loneliness has been demonstrated to predict cognitive decline among the elderly [8, 9] and was suggested to be associated with inferior cognitive and emotional control [10] . Specifically, as compared to those who are not lonely, lonely participants showed greater difficulty in regulating auditory attention, which manifested in an impaired ability to attenuate irrelevant information [11, 12] .
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In a comprehensive meta-analysis, Masi, et al. [13] examined the efficiency of different interventions to reduce loneliness and its effects. They concluded that interventions designed to improve social cognition [14] were found to be effective in decreasing loneliness. Such interventions promote the changing of maladaptive social cognition. Specifically, methods that promote redirecting one's attention from the search for social threats may reduce social-specific ruminations, induce more positive affect, and thus decrease the cognitive load induced by loneliness [10, 15] .
In the current study we propose that employing interventions aimed at improving cognitive performance without tapping directly onto aspects of social cognition, may be revealed as an efficient approach for reducing the maladies of loneliness. Such interventions, namely meditation-based interventions, are low cost, highly efficient and easy to employ [16] . In the current study we focus on mindfulness meditation practice.
Mindfulness meditation, a growing field of interest in psychology, is a means of cultivating an awareness of the ongoing experience [17] and accepting the world as it is [18] . The practice of mindfulness mainly consists of directing attention to (or becoming aware of) breathing, everyday functions (e.g., the way you eat or walk), and sensory input (e.g., become aware of the feeling at the tip of your index finger). Along with the practice of attentiveness, mindfulness practice entails the cultivation of nonjudgmental perspective of the self and others [19] . Being non-judgmental enables one to let go of unpleasant thoughts or experiences, instead of ruminating about it.
Mindfulness is rather easy to practice, and although the canonical practice protocol consists of eight weeks of practice [17] the positive effects of mindfulness are evident even after a short practice [20] . For example, Mindfulness has been demonstrated to increase positive affect [21] , to be positively correlated with the ability to tolerate distressful tasks [22] , and to improve cognitive performance to some extent [16, 23, 24] . Moreover, mindfulness practice has been recently demonstrated to reduce the level of loneliness among the elderly [20] .
Because loneliness is associated with increased stress and decreased cognitive resources [3] , it seems that mindfulness and loneliness may have opposite effects on similar cognitive and emotional structures [25] . Therefore, we propose that mindfulness practice may reduce the impact of loneliness on behavior. We had the opportunity to examine this notion by crossing data from two studies conducted during the first semester of the 2013 academic year. The first study aimed to examine the relations between loneliness, hope, and academic self-efficacy and their effect on academic achievements among college students during their transition at the beginning of their first academic year. The second study was conducted about a month later and was aimed to examine the impact of mindfulness practice on memory. Specifically, students participated in mindfulness workshops in which they acquired the basics of mindfulness meditation practice, and they were compared with control participants in various memory measures [26] . We combined data from both studies along with the students' mean grades at the end of the first semester (i.e. immediately after the second study had been completed) and at the end of the academic year.
We hypothesized that loneliness would be related to lower academic achievements, while mindfulness practice would yield higher grades. Moreover, we hypothesized that mindfulness and loneliness would interact, such that mindfulness practice would moderate the effects of loneliness. Specifically, we predicted that loneliness would be associated with low grades only among students in the control group. For students in the mindfulness group, no effect of loneliness on academic performance will be found.
METHOD Participants
The sample consisted of 73 first-year students from the behavioral sciences department at the Peres Academic Center, sampled in a non-probability sampling. They were divided into two groups: a mindfulness workshop group (N = 50 students: 47 females, mean age = 25.01, SD = 6.49) and a control group (N = 23 students: 22 females, mean age = 25.02, SD = 4.95). A Chi Square analysis indicated that there was an equal distribution of males and females in both groups, χ 2 = 0.083, p = .773. Both groups were of the same cohort and were sampled from an Introduction to Statistics course, which took place in the first semester of 2013. Participants' mean age was common to the mean age of freshmen students in Israel (which is higher than in the US due to a 3-years mandatory military service).
Design and Materials
The study consisted of one between-subjects grouping variable (Group: mindfulness practice, control) and six measures: loneliness, academic self-efficacy, optimism, memory performance, mean grades at the end of the first semester, and mean grades at the end of the academic year.
The Mindfulness Workshops
The mindfulness workshops consisted of five 30-minute weekly sessions, during which mindfulness meditation exercises were introduced and practiced [19] . In the first session, breathing meditation and body scan were practiced. In sessions 2-5 various mindfulness exercises were practiced, such as an imaginary mindful walk in a forest, imaginary mindful chocolate eating, and concentrating on auditory and tactile stimuli. At the end of each session, participants were e-mailed with written and recorded instructions to practice at home, and were asked to maintain a daily routine of 15-to 30-minute practice. Two mindfulness workshops were conducted consecutively, from mid-semester to its end (N=29 in the first workshop and N=21 in the second workshop). Due to time constraints, the second workshop consisted of four sessions instead of five.
Memory Performance
Memory performance was assessed using a common task, the Deese-Roediger-McDermott paradigm (DRM; [27] ). At the study stage, 100 words were presented on an A4 sheet of paper in 10 rows of 10 words each. At the test stage, 80 words were presented, of which 40 were studied (i.e. old) and 40 were unstudied (i.e. new) words. Test words were presented on an A4 sheet of paper, and participants determined for each word whether it had been presented at study or not. See Appendix for detailed description of the memory procedure.
Loneliness
The Hebrew adaptation [28] of the loneliness scale [29] consisted of nine statements describing social and emotional loneliness (e.g. -I miss having a really close friend.‖). The measure uses a 3-point Likert scale from 1 (no) to 3 (yes). A Cronbach alpha of 0.71 was obtained in previous studies, and in our study it was 0.82.
Academic Self-Efficacy (ASE)
The Hebrew adaptation [30] of the self-efficacy for selfregulated learning scale [31] consists of 11 statements describing students' beliefs about how they can cope with various academic tasks in order to succeed in their studies and self-regulate their learning activities (e.g. -I can remember what has been studied in class and in the textbook.‖). The measure uses a 7-point Likert scale with endpoints of 1 (not sure at all) and 7 (completely confident). A Cronbach alpha of 0.87 was obtained for the measure in earlier studies. In the current study, the alpha was 0.91.
Optimism
Dispositional optimism was measured using the Hebrew adaptation of the Life Orientation Test (LOT-R; [32] ). This scale contains 8 items rated on a 5-point scale (1 = strongly agree, 5 = strongly disagree), with a high score indicating an optimistic tendency. The internal reliability and test-retest of the original version were satisfactory (α = 0.76, test-retest = 0.79; Scheier & Carver, 1985) . In our study, the alpha was 0.66.
Academic Achievements
Academic achievements were assessed as the mean grade at two time points: the end of the first semester and the end of the entire academic year. Because the mindfulness workshops were conducted in the middle of the first semester, the mean grade from the first semester reflects academic achievements one month after the workshops had ended. Thus, the mean grade of the entire year reflects academic achievements within eight months after the workshops had ended.
Procedure
In the present study we combined data collected from the same participants in two separate studies. The first study was conducted at the beginning of the academic year 2012-2013. This study was aimed at examining the relations between academic achievements and various measures of psychological wellbeing. In this study, participants filled the loneliness, optimism, and academic self-efficacy questionnaires. Upon completion of this study, participants received a five-point participation bonus to their grade in Introduction to Psychology. The second study was conducted at the middle of the semester (about one month after the data in the first study were collected). This study investigated the impact of mindfulness meditation on memory performance in general, and on the production of false memories in particular. Participants in the mindfulness workshops practiced mindfulness for four or five weekly sessions, and also instructed to practice at home. Memory performance was measured at the beginning and at the end of the workshops. We also administrated the memory assessment to a group of same-cohort, naïve participants, who participated in the first study but did not participated in the mindfulness Note. ASE = academic self-efficacy. Memory = memory performance score. Grade-S and Grade-Y = mean grade at the end of the first semester and at the end of the academic year, respectively. Standard deviations are presented in parentheses. The number of cases is presented in italics.
workshops. Data was combined between studies based on participants' identification number. Participants were excluded from analysis if they were not affiliated with either the mindfulness or control groups, if their loneliness score was not recorded, or if their grades were unavailable.
RESULTS

Preliminary Analyses
For each participant, mean scores were calculated in the loneliness, optimism, and academic self-efficacy questionnaires, such that a high score indicated a high rate of loneliness, optimism, and academic self-efficacy, respectively. In addition, for each participant, the memory performance score were calculated as presented in the Appendix. The memory measure ranged from 0 to 1, with 0 representing guessing. Memory performance was assessed in the mindfulness group using pre-intervention data, thus memory performance scores in the mindfulness and control groups represent initial, unmanipulated memory rates. Detailed descriptive statistics of all measures in the study are presented in Table 1 .
Loneliness and Cognition
We first examined whether loneliness was related to cognitive functioning. To this end, multiple regression analysis was conducted, with memory performance scores as the predicted variable and with loneliness, optimism, and academic self-efficacy scores as the predictors. The predictors were entered simultaneously to the analysis. Table  2 presents the regression coefficients. Table 2 reveals that loneliness negatively predicted to memory performance, such that high loneliness scores were associated with low memory performance. Optimism and academic self-efficacy did not predict memory performance. We next turned to examine the joint effects of loneliness and mindfulness on academic achievements.
The Joint Effects of Loneliness and Mindfulness
In order to examine the joint effects of loneliness and mindfulness on academic achievements, we first conducted a one-way ANOVA analysis, with Group (mindfulness, control) as the independent variable and Loneliness scores as the dependent variable (see Table 1 for means and SDs). The analysis revealed that the groups differed in their preintervention loneliness scores, such that participants in the mindfulness group felt lonelier than participants in the control group, F(1, 62) = 3.636, p = 0.061, η 2 = 0.055.
Next, we examined our main hypothesis that Group and Loneliness would interact. Specifically, we examined whether mindfulness would increase academic achievements, as compared to control, but only for participants with high loneliness scores. To this end, we conducted a hierarchical regression with Group (mindfulness, control) and Loneliness as predictors and Grade-Y as the predicted variable. All variables were mean centered, and an interaction was computed and entered into the model (see 33 for details). Regression coefficients are presented in Table 3 . Table 3 reveals that Group positively predicted academic achievements, with the mindfulness group achieving higher average grades than the control participants. In addition, Loneliness negatively predicted academic achievements, such that high loneliness scores were associated with low academic performance. Most importantly, Group and Loneliness interacted significantly. Simple effects of the interaction were extracted using Hayes' PROCESS procedure [33] and are presented in Fig. (1) . Fig. (1) reveals that, as predicted, participants in the mindfulness and control groups did not differ in their academic achievements if they had low loneliness scores. In contrast, participants with medium or high loneliness scores achieved high grades at the end of the year if they participated in the mindfulness workshops, as compared to the control group. This interaction was observed also when Grade-S served as the predicted variable (B = 29.54, SE = 9.99, ΔR 2 = .142, p = .005), as well as when Optimism and 
DISCUSSION
The aim of this study was to investigate whether mindfulness practice may moderate the effects of loneliness on academic achievements. In order to investigate this notion, we combined data collected in two studies in which levels of loneliness, academic self-efficacy, and optimism were collected at the beginning of the academic year, and mindfulness meditation workshops were conducted about a month later.
As hypothesized, loneliness negatively predicted academic achievements, such that students with high loneliness scores were more likely to achieve lower grades than students with low loneliness scores would. Furthermore, mindfulness predicted academic achievements, such that students who participated in the mindfulness workshops were more likely to achieve higher grades than students who did not participate in the workshops. These findings further support the notion that loneliness may impair the lonely person's performance [3, 10] . Also, it provides further support for the beneficial impact of meditation in generaland mindfulness in particular-on academic performance [34] [35] [36] . More importantly, as predicted, our findings showed an interaction between mindfulness and loneliness, such that mindfulness practice moderated the effects of loneliness on academic achievements. In fact, it seemed that mindfulness compensated for the effects of loneliness, even when academic self-efficacy and optimism were controlled.
We suggest three possible pathways that may serve as mechanisms through which mindfulness moderates the effects of loneliness on academic performance (see also 26). The first is the cognitive pathway, which refers to enhanced memory, attention, and executive function performance evoked by mindfulness practice [24, 37, 38] . Loneliness has been argued to be intimately related to cognitive deficiencies, such as difficulty in attention disengagement [39] and heightened memory attunement toward social information [40] . Hence, mindfulness may reduce the cognitive effects of loneliness by increasing memory [26, 41] and attention [42] , or by reducing the role of emotions in the processes of perception and decision making [43] .
The second pathway through which mindfulness may reduce the effects of loneliness is the interpretation of internal signals of stress. A subjective feeling of loneliness is typically characterized by increased rates of stress, anxiety, and cortisol levels [3] . These measures have been demonstrated to be reduced by mindfulness practice [42] . Thus, because academic performance is highly sensitive to emotional wellbeing [44] [45] [46] , mindfulness may serve as a protective agent against the manifestations of decreased wellbeing in the academic setting.
Finally, the third pathway that we propose to explain how mindfulness may reduce the effects of loneliness on academic achievement, is initiating changes in selfperception. Loneliness typically evokes-especially in children and adolescents-low self-esteem [47] , challenging their self-worth and giving them a feeling of incompetence [48] . This negative perception of the self may be manifested in low academic self-efficacy [1] , and thus result in poor academic performance. Mindfulness promotes the cultivation of acceptance and self-compassion [49] and has been demonstrated to be positively correlated with academic selfefficacy [44] . Taken together, it seems mindfulness may decrease the effects of loneliness on academic performance by debiasing the lonely student's perceived competence.
Due to the design of our study, we were not able to conclude which of the three proposed pathways underlie the Summary of regression analysis for variables predicting memory performance (N = 51) . Note: *p < 0.05, **p < 0.01, ***p < 0.001 observed moderation effect of mindfulness on loneliness and academic achievements. Specifically, because the mindfulness study was aimed at investigating the impact of mindfulness on memory, data regarding students' stress, general self-efficacy, or attention-which are needed in order to understand the connection between mindfulness and academic achievements in the context of loneliness-were not collected. Furthermore, although our data showed that loneliness was negatively correlated with memory performance and that mindfulness increased memory performance, memory performance did not predict academic performance. Thus, further studies are needed in order to clarify the underlying paths between mindfulness, loneliness, and academic achievements.
An unexpected finding showed that students who participated in the mindfulness workshops reported experiencing higher levels of loneliness in comparison to control students. This finding entails two directions for future studies. First, this finding may indicate a tendency for help-seeking among lonely students. In the case of the mindfulness workshops, students were aware that these workshops were aimed at improving memory and attention. It is possible that the lonely students identified in these workshops an opportunity to break the cycle of loneliness. Second, this finding may enrich our knowledge of the characteristics of those who agree with and are able to commit to the demands of mindfulness practice.
CONCLUSION, LIMITATIONS, AND FUTURE DIRECTIONS
In summary, our study showed that mindfulness practice may moderate the effects of loneliness on academic achievements. This finding entails important implications regarding students' psychological wellbeing and academic performance. Specifically, it seems that difficulties in academic performance can be approached, to some extent, using mindfulness. Hence, mindfulness, as an easy-toemploy self-help intervention, might serve as a front line treatment for misadjusted students or for students with learning difficulties.
Nevertheless, these conclusions are constrained by two caveats. First, because the data analyzed in this study were collected in two independent studies, participants were not randomly allocated to the mindfulness and control groups. However, in our opinion, this caveat may have little effect, if any, on the findings obtained in this study, because all participants were sampled from a pool of same-cohort students. Furthermore, not being randomized, the allocation to the groups resulted in the mindfulness group having higher mean loneliness scores than the control group. Because loneliness negatively predicted the mean grade at the end of the year, such an a priori difference between the groups only strengthens our findings: The mindfulness group not only achieved higher grades than the control group, but they did so with higher loneliness scores to begin with. Indeed, it could be argued that the two groups differed in their academic skills to begin with. Although we cannot rule out this possibility, it should be mentioned that all our participants were students with low academic starting point; most of them without a high school diploma or a sufficient SECHEM score (The Israeli equivalent to the American GPA) needed for university enrolment. Therefore, it is not likely that a priori differences in academic abilities confounded our findings.
The second caveat in our study is that loneliness scores were only collected before the mindfulness intervention. The absence of data regarding loneliness scores following the mindfulness intervention makes it impossible to conclude anything on the impact of mindfulness practice on loneliness. More importantly, we were not able to examine whether changes in loneliness scores mediated the connection between mindfulness and academic achievements, nor were we able to examine a three-way interaction between mindfulness, loneliness, and cognition and their effect on academic achievements.
Thus, future studies should examine the impact of mindfulness on loneliness and academic achievements in a randomized research design, with loneliness being measured after the mindfulness workshop has ended. Furthermore, a full factorial design may be employed by manipulating loneliness as well as mindfulness. That is, loneliness may be induced experimentally [50] within each of the mindfulness and control groups. Inducing loneliness may enable researchers to make conclusions about first and second order mediation-moderation connections between mindfulness, loneliness, cognition, and academic achievements.
APPENDIX
A Detailed Description of the Memory Procedure Used in this Study
Memory Task
In this study, memory performance was assessed using a common task, the Deese-Roediger-McDermott paradigm (DRM; 27). Although this task was primarily aimed at inducing false memories, it enables the extraction of an unmanipulated memory assessment. The DRM paradigm consisted of two stages, study and test. At the study stage, an A4 sheet of paper with 10 sets of 10 associatively related words (e.g. sugar, sour, cookie) was presented for two minutes. At the test stage, 40 studied (i.e. old) and 40 unstudied (i.e. new) words were presented on A4, and participants determined for each word whether it had been presented at study or not. See Appendix for detailed description of the memory procedure. The 40 old words were words which occupied the 2 nd , 4 th , 6 th , and 8 th positions in each of the 10 sets of words presented at study. Similarly, the 40 new words occupied similar positions in 10 notpresented lists. To sum, participants' memory was assessed by a study list of 100 words, and a test list of 80 words (of which half were studied and half were not). The studied and unstudied words were randomly mixed and presented in four tables of 20 words each, in which one column contained the test words and two more columns were titled -studied‖ and -unstudied.‖ For each word, participants were instructed to mark an -X‖ in the column that best described their memory of the test words. Five random orders of the study and test lists were created. In addition, all DRM lists were counterbalanced, such that across participants, each DRM list appeared as both studied and unstudied.
Memory Scores
First, the proportions of correct recognition of studied words (i.e. hit rate) and of false recognition of unstudied words (i.e. false-alarm rate) were calculated. The proportions were computed as the ratio between the number of words recognized and the total number of words with the same status (for rationale and further details, see [51] ). That is, if a given participant correctly recognized 30 studied words out of a total of 40 studied words presented in the test, then his hit rate was: P(hit) = 30 / 40 = 0.75 Then, memory performance was derived from hit and false-alarm rates using a common method in memory research [52] , in which false-alarm rates are subtracted from hit rates:
Memory performance = P(hit) -P(false-alarm) Therefore, this measure of memory performance represents the extent to which correct memories exceeded memory intrusions. Hence, this measure ranges from 0 to 1 (values lower than 0 are theoretically possible, but not likely to occur), with 0 representing guessing. Memory performance was assessed in the mindfulness group using pre-intervention data, thus memory performance scores in the mindfulness and control groups represent initial, unmanipulated memory rates.
